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DETERMINATION OF LONGITUDINAL STABILITY PARAMETERS 
BY STEADY STATE PLIGHT TiSTING AND THEORETICAL 
CALCULATIONS FOR THE -RYAN NAVION AIRPLANE 


Summary 


A series of steady state flirht oe es made to determine the longi- 
tudinal stability parameters for the Ryan Navion Airplane, and the results 
were compared to values calculated from theoretical considerations. 

It was found that the steady state flight test values for the stability 
parameters agreed very closely with the theoretical values. The differences 


averaged approximately 6% except for the damping derivatives C,., and C in 


mds 
which greater differences were encountered. These differences were not consis- 
tent, in that in some cases the power-on values agreed closely while in other 
conditions the power-off values were more nearly e quent: Similarly, the clean 
and landing conditions had no trend in the differences between the steady state 


flight test values and the theoretical values, with the result that assignment 


of error to either analysis is not feasible, 





Introduction 


Previous investigations have determined the longitudinal airplane stabi- 
lity parameters from flight tests for Patus aircraft models and configura- 
tions using dynamic or static flight oe methods. The results of these 
investigations have been compared with those determined from theoretical 
calculations. It is the purpose of this investigation to afford a basis of 
comparison for all three methods of parameter determination. 

This report may be considered as part I and II of a three part investi- 
gation. Parameters were determined by steady state flight testing and by 
theoretical considerations. Report No. 251 determines the longitudinal air- 
plane stability derivatives by dynamic testing methods. A comparison of the 
parameters obtained by all three methods are attached to this report as an 
appendix. 

The steady state flight testing was done at four center of gravity posi- 
tions using conventional flirht procedures and instrumentation. Two configu- 
rations, landing endclean, were tested under power-on and power-off conditions. 

This investigation was conducted at Princeton University during the 


Serine term of 1953. 





PART I 


THEORETICAL STABILITY ANALYSIS 


Procedure and Discussion 

The theoretical treatment of the various stability derivatives and air- 
plane parameters was based primarily on methods outlined in Reference (1) and 
supported by various NACA reports, and other textbooks. The flight conditions 
that were selected corresponded to actual conditions encountered in the steady 
state flight tests. That is, for clean power-on condition, the airspeed and 
power required was as determined from actual flight tests. 

It was assumed throughout the theoretical development that the airplane 
behavior was essential] linear and that certain higher order effects were small 
and could be neglected. 

The equation for the summation of moments about the airplane center of 


gravity can be written: 


Xa -~Cc.. v0 go> © 


+ Ca. wae 2D = O 
Ps 
Ww 


Since the tail] lift coefficient is the only unknown, it can be found by 


substituting the following relation for C, , 
“Ww 
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Having solved for Chee it is now possible to solve for the derivative 


dc 
<q from the following relation, which is simply the derivative of the moment 
L 


equations 
dc dT 2 : S 
z o ~ C M +! ab 2 
4 (2 
eet fr -e-TP)n eo, 7 oles (aCm) 
oe 2 ( 
Onyy of. d is dT ye 


The determination of the various derivatives are as shown in "Sample 


' and the values of the various constants are as shown in the 


Calculations,’ 
sections concerning airplane data, notation, and specifications. 


The control fixed neutral point can now be evaluated, since 


Now X. - Om, 
" “eg ~ ac, ° 


in order to determine the elevator hinge parameters oe and Che Pye ae 
was necessary to use wind tunnel data contained in Reference (7). The two 
dimensional data was then corrected to three dimensional flow and further correctce 
for overhang balance by methods contained in References (1) and (8). 

The elevator power, Cn = - 8% V>4T, as developed in Reference (1), 
can be computed from known values. The factor, T , can be obtained from a 
plot in the above reference and is based on the ratio of elevator area to 
horizontal tail area, 

The Navian airplane has a mass unbalance in the elevator control system 
whish produces a nose down moment. This unbalance was, measured and found to 
be equal to 10 ft. lbs. 

It can be shown (Reference (1) that: 


Ny Nae eee, ore ( i is) - His, Cag | 


Buy Say dea w/s Cnr $5 % 
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where: HM, =} mass unbalance g 10 ft. lbs. 


From the above relation N,' can be computed since all factors are known 
or can be found. 


Similarly, in steady turning flight: 





Nin' ty Ht ¢ Poe © eS “ag (2 +z \(% - iti *ng ) 
2w/s Ch n a 


where n = normal acceleration. 


, Iwo other derivatives of interest can be computed from known values, . 


namely: 
1 it de 
and 


Bie 


7 -t 


C de is a damping derivative and accounts for the tail damping in pitch. 
The factor 1.1 was used to account for the damping of the rest of the airplane 
which was assumed to be 10% the value of the tail damping. 

The derivative _ was computed in two ways in order to compare with 


steady state and with dynamic flight test results. For steady state compari- 


son? 
C = = 
Mo tr . (Xoo Ny) 
For dynamic comparison: 
C C z 
Moa Lea (Xo p Nn) 
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In order to determine the slope of the airplane lift curve, power off, 


it can be assumed that: 


* C 
Cla = Lag 7 Cit 


It can then be shown that: 


me da 
ay tg re(i- 48} 








a ae Ix. 

se ‘aCn | C 
“\dc ee 
ob eee 


adCn 
mere palit toh = } i 
, coy e ce 7c 


The foregoing indicates the methods used to detennine the various derie 
vatives and parameters theoretically. In the "Sample Calculations" section, 
the complete solution of one flight condition is shown. 

Where applicable, an altitude of 6,500 ft. was assumed which was the 
average altitude encountered in flight tests. Ir maneuvering flight oalcoula- 
tions, an average value of acceleration was used which from flight tests was 


found to n hae ao 





ey 


Navion Specifications and Notations: 


2 


Wing area, S, = 184.2 ft 
Horizontal Tail aroa, = Sy = 43 ft 
Elevator area » 15.04 et? 

Aspect Ratio, Wing s A zs 6.04 
Aspect Ratio, Tail » A, = 4.02 
Wing Span =» b wm 35,58 ft. 

Tail Span m bt ow 15.17 ft. 

MAC Wing, C w 5e7 

MAC Tail =«= Cy = 3,54 

Tail length, 14 28 15.04 ft. 
Incidence, Wing, lw # B> (at root); +s 1° (aeetip) 
Incidence, Tail, ip = - 3° 

Airfoil, Wing, = Root:NACA 4415 R, Tip:NACA 6410 R 
Airfoil, Tail, = NACA 0010 

Dihedral = 7.5° 

Wing Taper Ratio = m= 4 

Wing Aerodynamic Center, & Ce = 022 
Horizontal Tail, Taper Ratio = AX +4 = 67 
Length overall = 27.25 ft. 

Ning Root Chord = 7.2 ft. 

Wing Tip Chord = 3.92 ft. 

Elevator: 


Root Chord = 1.5 ft. 


Tip Chord = 1.0 ft. 


a= 


Stabilizers 
Root Chord = 2.5 ft. 
1ip Chien «lee ot ts 
Wing, Flaps 
Type: Plain 
Root Chord # 1.58 ft. 
Tip, Chomdiwemr. co ft. 
Span a» 9 ft. 
Max. Deflection » 40° 


Distance from root quarter chord to leading 
edge of horizontal tail 2 170 in. 2 14.15 ft. 


Distance from root quarter chord to propeller 
plane al. w 7.64 ft. 


p 
Propeller diameter = 7 ft. 
Thrust axis is parallel to fuselage reference line. 


Elevator gearing, G = 1.05 rod/ft. 


<\ 


Care 


wo Om 


lift coefficient. Subscripts a, w, t denote airplane, wing, 
and tail, respectively. 


"ac" denotes moment coefficient 


moment coefficient. Subscript 
about the aerodynamic center, subscript "FUS" denotes moment 
coefficient due to the fuselage, etc. 
velocity, fps. 
tail volume - & = «616 
thrust coefficient ss 550 _% p SHP 
e vp? 
| where; Ap 8 propeller efficienoy 
SHP <= shaft horsepower 
€ = air density, slugs/ft® 
Vos airplane velocity, fps 
D s propeller diameter, ft. 
center of pravity. 
perpendicular distance from c.g. to thrust line, positive 
downward, ft. 
angle of attack. Subscripts w, t, p, denote wing, tail, 
and propeller thrust axis respectively. 
Ay = 2° 
Cefe position in per cent of chord. 


&eC.e. position in per cent of chord. 


Xop - Xac = distance from cege to aece in per cent 


of chord. 
ec 
propeller disk area as 7 - 38,5 rt? 
Propeller Normal force coefficient. 
W/e, Mass. 


m 





airplane relative density factor ¢« 


S 
Ww 


Pr fOr 


m 
OSV 





time constant = 


ml 
1h 


N = Control-fixed neutral point. 
No' = Control-free neutral point. 
N. = Control-fixed maneuvering point. 


Nt, = Control-free maneuvering poin'. 


Flight Confisurations investigated 


Clean Condition -- Power On: 


Vos 123 mph 
SHP ss 130 


W wa 2670 lbs. 
Clean Condition -= Power Offs 
Vox 128 mph 


eeeP 0 


2670 


Voeos 78 mph 
SHP = 145 
W = 2070 


Lending Cordition -- Power Off; 
Ves 78 mph 
W = 2670 
The above conditions were investigated at center of gravity position, 
Kop om 212 (Clean Condition). 
.Note: Lowering wneele for landing condition moves the center of 


gravity forward .5%, 


Wll- 


Additional Data 
In addition to the general airplane specifications the following data 
ms presented: 
a) ¢ = -.0342 tor NACA 4415R. 
When corrected for three dimensional flow: 


(Reference 1) 
Clean Conditions 


Cmac = Etna, m= (1.08) (-.0342) w -.037 


Landing Conditions 














Caac ™ FSnae + B'OOnac * Cnly . 
= ,0c7 # (.72) (<219) «0 Bae 4174 
by (d CL) a ft, 
a * 2 Se ee ea 
( Be Nine : 14 Bie - (Reference 1) 
WA 
(5998) (e206) 
ow 57.3 (+106) =e Oe 
lL & Ses “Ae 
7 6,04 
Aa 
c) ot. = oa a (Reference 2) 
yoy a, 
where; AE. = A A = 4,7 
he 2 
& = ___(4.02) (.108) = (065 
0.7» ed (108) 
17 
d) Aww = Koz, + Jé (Reference 1) 
root 
ore - Ka, 5 Fe ee 
tip “root 


Aoyw = 9-4  (#.41) (<2) = -3,2° 





w~12- 


d) (Continued) 


Lusct,. ae - 


x 
"Leirplane a» ~ 52 (See FigJ-1) 


e) Change in angle of zero lift with flap defleotion: 


Ate, = - KA C, (Reference 1) 


-(6.7) (.88) 


A%o1, = =5.9° (See Fig.J-1) 


f) Since propeller curves were lacking, Reference (4) was used to 
determine propeller oharacteristics. For the propeller effi- 
ciencies obtained, four per oent was arbitrarily subtracted 
for propeller surface roughness. 


Clean Gondition: Ap - .78 


Landing Condition: ioe 268 


g) In Fig.J-2 downwash, € , is plotted vs. wing angle of attack, “uw. 


The curves were drawn from calculations based on Reference -(3). 


Clean Condition: Ll - = = 48 
, 7 dé 
Landing Condition: 1 - ae P oG5 


2 
h) Slipstream velocity ratio; ("s 
v 
Clean -- Power On: (Reference 1) 
2 
is 
S a ae 
(+) i oR + 
000 >; SHP 
£ = p P too: Pan hae” 
c “= ca 0078 (See "Flight Conditions 
ev’ D Investigated.") 


Vv ; 
Ss ans 8 (.078) 2 
ee San © lee 
Since only approximately one-half the horizontal tail is 


immersed in the slipstream of the propeller it will be 


assumed that the effective velocity ratio is: 


2 
v 
(e) = 2° 
V 


An additional correction for fuselage boundary layer and 


T 
es | Lf 
2 


> hee 


interference effects must be applied as given in Reference 5, 


This correction is -.07 which gives a final value for 


Ve 


velocity ratio: 
(=| e 1.1 os gor Zz 1.03 


Similarly; 
2 
Clean -=- Power Offs: re = .93 
Vv 
2 


V 
Landing Condition: Power Ons >) = 1.5 


vi \e 
Power Off: (=) = 93 
Vv 





wide 


a (Reference 1) 

,) Sto? . # “# “S —_ (,01)(16)(25) 

d OL ’ ; a FL eOb 

Gasca, 

{d Cn? = .048 

C 

(d Dae 
; d C 
j) From Reference 6: Cy = =P 

Fo aA 


Clean Condition: 


dC 
Power On: (ae) o1295, per degree 





d 
(d « ,) 
Power Off: (a Gyo) = .121, per derree 
d « 
( pa. a O 
Landing Condition: 
Power Cn: {4 Cup) = .1l015, per degree 
d « 
(Qe) 
(aac) 
Power Off: eS ae = .0825, per degree 
EDs 20 
elie 
Bees > we oO; lUcSe ew dcx (Reference 1) 
da CL da, d CL d CL a, 
: W 
l ¢+ = = 1.15 (from upwash charts in Ref. 6) 
dx ail: 
ee FF ol 
d CL (.08)(57.3) 
dC d C 
oe (9251) np 





a Cie dX py 


~15- 


dé 
eo Be (d See (Reference 6) 
dA foes 
(d Pan @ 5 


Clean -- Power On: 


eee 605 + (626)(.121) = vaee 
da 
dé dé€,\_ 

(a = es - “Sp ) (.48 ~- 082) = e098 

qa 
Clean -= Power Off: 

d€ 
——_ © 0 » (MEe121) « wow 
dw 


1 = ce =) DS eee. 052) utes 
dex aX a 


Landing Condition -= Power On: 


dé 
dx“ 





Pos ,15 + (.26)(.0825) « .1714 
~ ee. ) = (65 = 21714) oe Bo 


~ ere ae 


Landing Condition -- Power Off: 
ee wr Ce (26 ees) 68 638s 


de aé 
(2 =e —2 ); (.65 - .0214) = .629 


sample Calculations for Stability Parameters 


meg 





np 
S 2 
S t /v 
C = ¢ e C = 8 ‘ 
La Lay L, & (+ 
Clean -=- Power On; 
Xx a nee G 
cr 
ee = 242 C 
zZ =yacore £t. 
Cr = 2065 
2 
( 43 ) (1.03) = .365 
CL, = ee eT (aaa 
C ~ =.03 (.365 - .24 C.,) = «37 # (.048)(.365) 
meg ™ Lt 
-C,, (.616)(1.03) « (,0781) (2)(7)* (~.625) 
(Game) «(5.75 
~ 4.1295) (pion) (.365)( 7262) (38.5) 2 6 
(184.2)(5.7) 
Ci, = 7 2050 


Vv 
rin v= 2D 
ly ¢ * mac * Smrus 7 SLt : (% oo 


Qj 





-~l7- 


Xe , dio ™en we & 4 See 3 “ip 
: dc, Sw c dC; Sy 
or 7 dé dé v : 
~t V (3 4 ae 2) Ss 
Oy dx 7 
(d_ Cm) 
> 
C 
(d L) ars 
o 
7 8 dT. 5 
= 7 qa s 1.74 Np oe 
3 
A 
Per left he 78 )\ eee) em oe 


=g03 » ie (.82)(2)(7)*(-.625) 
(184.2)(5.7) 





8 


(.065) (.616)(.398)(1.03) = (-.050)(.616)(.82) + .048 





ALOls: 
baad ele ay 
Aone &> 
: 
+ (dm) 
(dC;) 


ee 


» (21295)(.251)(7.64)(38.5) 


o 084 





(108.2) (5a) 








-l8B— 


dC 
dc, = -,03 « (.121)(.251)(7.64)(38.5) _ (,065)(.616)(.448)(.93) . Bi 
(184,2)(5.7) (08 ; 
dC, 
acy 3 ye dal 
Landing Condition -= Power On: 
Kop = FAG) C 
Xe & 9242 C 
vA ia =e oO iG. 
Clee = Pastis} 
qT, = WAS) 
2 
Xa a v7 /YV 2)" 
C C =, s T 
meg * Ly C : nat mkFUS Lt a) * 
Vv Sy C 
* ¢ tp 8p = 0 
np & ¢ 
8+) C 
C G (2 Vg 2 
Cin = Lay es ie =) ( 2) = .o8 
_ ) (1.5) =@ese= -s¢guc 
Clive = 38S = Cie ‘yates = Lt 
C = -.035 (.88 - .303 C;4) = 2174 # (.048)(.88) 
mcg 
2 
~ Cy_ (.616)(1.3) + (.29)(2)(7)"(-.75) . (,1015)(.251)(.88) (7.64 )(3e 
(184.2)(5.7) 184.2) oar 
= 0 
C = -.224 





oe 








dc 
m Xa aT 2 a S 
ee * oe ee oo eS 
L aC; Sw C dc, Ss, © 


dé 2 d (“8) 
Sev (1-95 -SSe}(te) - , F ee, (ow 
d oT. (ACL Jays 


= -.035 « (.488)(2)(7)%(-.75) 4 (.1015)(.251)(7.64)(38.5) 
(184.2)(5.7) 7 (184.2)(5.7) 


_ (.065)(.616)(.479)(1.3) = (-.224)(.616)(1.11) + (.048) 
(.08 ) 





dy 


Landing Condition -- Power Off: 


- de 2 
aC, [Xa 4 4Cnp + a t (mes - 2 » (een) 
=o | 6d Oe a 


ood 


= =.035 » (0828)(.251)(7.64)(38.5) _ (.065)(.616)(.629)(.93) « .048 
(184.2)(5.7) ( .08) 





iG 


Elevator Hinge Moment Parameters: 
(References 1,7 and 8) 


ph. = 3 -0048 
C se o & ~ ,0048 (.08) 
h h | e ° 
“ A T.106) = #,0036 
C Cc C - oc 
m= hy, + Cf (Ch nh. ) 
a = 0 A 
Oh, = -0ll + (.8) [ - .0036 + 0048} = -.0104 


Elevator Power: 


One = = a+ V y t c 
= - (.065)(.616)(1.03)(.54) 
On = -.0223 (Clean -~ Power On) 
. - eas ong Mates 1 dé - ap Cad 
fe) Oo ss a oe "de. 
ay Yh W/S Cy, SZ og 
g 


where: HM. - elevator balance due to effective mass 


unbalance «» 10 ft. lbs. 


No - No" = 2(-.0225)(-.0036)(.48) - (10)(-.0223) 


( .08 )(-.0104 ) (14.5)(=-.0104 )(15.04 )(1.25) 
- .0463 = .0788 = = .0325 


Not mw 2384 + 40325 w» 417 (Clean -- Power On) 





+ 


a ps 


- 637 li Y C 
Ni = No re + + \ (Steady turns) 
2 wW/S n / 
- y.  7(63)(32.2)(15.04)(.00196)(-.0223) ; ie 
= N99 V9 G60 6) L000E)\ VULIG a Veco} a 
: (2) (14.8 (1.3)2 
Nr & «384 * .073 = .457 (Clean -- Power On) 
i] le of ee gl € C 
Pe 2 No t€ Ong (2 » F)fon, - 1 ons | 
2 W/S Ohms n iE 
i = No" « (57.5) (S200 (15.0490, 00196) a50225 ) 1.59) (--0085 ~(141)(-.0104) 
(2)(14.5)(+.0104 ) 
= uo" # 2118 
Nt, = e417 # 2113 = .550 (Clean -- Power On) 
Cloan -= Power On: 
- 1 
me  -ae Vr, it de 
mdo t ORR Gr ae 
(32.2 )(.00196 )( 184.2) ( Sam 
Onde = 7 A2065)(-616)(1-03) (15004 )(-52) = - ,00140 per degree = -.08 per radian 
(40.4)( 5.7} 
- l 
Cna@ = clel ay Vay = a 
~ -(1.1)(.065)(.616)(1.03)(15.04) 
(5.7) (40.4) 
. = Of ~ee 
Cae = .00296 per degree 
= -.17 per radian 
5 
M ox 2 Jin (Xo - Oe, Kop = eo C 
= (.08)(-.08)(57.3) = - .37 per radian 


S555 


Airplane lift curve slope: 


S¢ dé 
Cc = a a at aS (2 - aa ) 
Le a Su des 


(dC, ) C 
(ACy ery ot 


Clean -- Power Off at Mid ec.g.: 


(a0) 
(AC) ory “ 
Cc, = 708 «+ (,065)(43)(.95)(.48) 
P (194.2) 


(5.7) (-.09) 
~ (15.04) 





1 


e084 per degree 


fapverl - 1 


Tabulated Results 


Clean Condition Landing Condition 
raraneter Power Otf Power On Power Off 
C 2084 

ee 
Cay -.02 | -.020 -.028 | ~.020 
{ 
No 38 : 239 39 | 248 
No! ~42 a2 | 041 | ° 50 
? 
N 246 46 | | 
' | 
Nt 0 5d 002 ! | 
Cn (based | : 
ony, ) ~.37 | 
| 
C i 
" -s 7 | 
m See | 
Cnde -.17 -.15 | 
} 
Onde -.08 -.073 : 


aQbea 
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DETERMINATION OF AERODYNAMIC PARAMETERS BY STEADY STATE FLIGHT 


TESTING METHODS 


All of the steady state flight testing was done in Ryan Navion, 
N5L1L3K. The steady state tests involved 20 hours of flying time and 
covered a period of three months, February 135 to May 13, 1953. 

Due to the fact that additioncal instrumentation for the dynamic 
tests was being installed and also because additional weight wes 
required to move the center of gravity to the rear positions, the | 
maximum gross weight of the airplane increased from 2670 to 2875 lbs. 
during the period over which the tests were conducted. This increase 
and also the weight of the fuel consumed during each test were con 
sidered in the determination of the lift coefficients in the process 
of data reduction. 

Center of gravity changes were made by moving and securing lead 
weights to the aircraft's structure to obtain 2a renge from 21.2 to 
o7.8 percent of the mean aerodynamic chord. The lowering of the 
landing gear and fleps moved the center of gravity forward 0.5 percent. 

The steady state flight project may be considered in three areas, 


Flight Test Procedure, Flight Test Data Analysis and Instrumentation. 


Esa 





FLIGHT TEST PROCEDURE 


otatic Stebility Tests: 


Plight tests were conducted with two external configurations 
and two power conditions for each configuration. The power on, clean 
configuration was trimmed at 128 miles per hour with a constant power 
Setting which produced an average of 150 horsepower. The power settings 
were adjusted at the beginning of each test to compensate as much eas 
possible for atmospheric conditions. The power off, clean configura- 
tion was trimmed at 107.5 miles per hour using approximately 10 inches 
of manifold pressure, a power setting which simulated a feathered 
propeller. 

The landing configuration was flown with the landing gear and 
fleps full down and the cowl flaps closed. The trim speed for both 
power on and power off landing conditions was 78 miles per hour. 

The aircraft was trimmed at the mid altitude of the altitude 
range over which the tests were flown. Normally the range extended 
1000 ft. above and below the mid altitude which was 6500 ft. The trim 
tab was not adjusted after the initial trim for each test was made. 

The aircraft was steadied in each attitude and corresponding 
airspeed at which data were obtained. Stick force, elevator angle, 
angle of attack and airspeed readings were taken at each point and 
altitude, temperature and fuel level readings were taken periodically 


during the tests. 


Maneuvering Stability Tests: 


Only the clean configuration was tested for maneuvering stability. 
The power on and off conditions corresponded to those used for the 
static stability tests. The same trim procedure and mid altitude rere 
also used. The range of altitude over which the tests were conducted 
extended about 1500 ft. above and below the mid altitude. this in- 
crease in altitude range was due to the greater rate of descent and 
longer time required to steady the aircraft in maneuvering flight. 

Normal acceleration was experienced by placing the aircraft 
in a left bank while maintaining a constant airspeed of 128 miles 
per hour for the power on condition and 107.5 miles per hour for the 
power off condition. An increase in bank yielded a corresponding in- 
crease in normal acceleration. Elevator angle and stick force readings 
were taken by the observer while the pilot read the acceleration. 
Periodic temperature, altitude and fuel level readings were made. 

In general, the flight test procedures followed corresponded 
to those perscribed in Part II of the Naval Flight Test Manual, 


Ref. 9. 
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FLIGHT TEST DATA ANALYSIS 


The flight test data were reduced as indicated in Ref. 9. 
An example of static stability data reduction is as frollows: 
Wooo. CoMmmbs. 
Wing Area = 5 = 184.2 sc. ft. 
C.C. position = 37.6% H.A.C. 
Condition - Clean 
Weight of fuel = 6 lbs./gal. 
Fuel consumed to reach test altitude = 14 gal. 
Fuel consumed during test = 3 gal. 
Average aircraft weight during test = 2875 - 15.5 x 6 = 2782 lbs. 
Dynamic pressure = q = 0.00256 ia insti) 


Cp =W = e78e = 15,1 
qo 104.29 q 


Lift coefficient 


q = .00256 (124)* = 39.4 


Cy, = Se) = isl: 
59.4 


The elevator angle, angle of attack and stick force reduction 
merely consisted of applying the calibration curves to the readings 
obtained during the flight test. 

The reduction of the maneuvering stability was similar to that 
described above with the following exception: 


Cy =n ; where n = normal acceleration. 
qs 


SoG. 


=o 


Figs. II-2 through II-5 are plots of the elevator angle versus 
the airplane lift coefficient for the static stability tests. The 
elevator power, Ons » was determined for the various configurations 
and power conditions from these curves by the relationship: 

Cn p = - Cy AX; 
where4\ x,, is the change in center of gravity position divided 
by the mean aerodynamic chord to render it dimensionless; and Ate 
is the change in elevator angle encountered at constant lift 
eeerri pit over the center of gravity range used. Cr is the lift 
coefficient at which the change in elevator engle is measured. 


An example of the calculation involved is as follows: 


Condition - Power on, landing. 
Cr = .88 
at Ceg. position = 57.3% m.a.ce3 d—= 12.65 degrees, 
at c.g. position = 20.74 Mga Cs 5 ea 4.55 degrees. 
Abe = 3.0 degrees 
Ax... = .166 


A8,= 12.65 ~ 4.55 —- 3 = 5.10 degrees 


> (5.10) 


The difference in values of elevator angle for zero lift, de ’ 
s) 
is believed due to the different settings of the trim tab required 


to trim at the same speed for the four center of gravity positions 





at which the tests were conducted. It is believed that the effect 
of the tab is merely a translation of the {, versus C, curve to a 
higher 6e, for the more rearward center of gravity positions. On 
this basis, the values of Cgltene determined considering the 
curves to be translated to such an setent that a common value of de, 
exists for the four curves. 

Figs. II-6 through II-8 are static stability plots of stick 
force divided by dynamic pressure versus airplane lift coefficient 
for the various center of gravity positions. Some rather unexpected 
curvatures for this type of plot were encountered for which no 
complete explanation can be given. This was, perhaps, partially 
due to the relatively low stick forces which may have been erron- 
eously indicated near the trim condition due to a certain amount 
of friction in the control system. It is not believed that the air- — 
plane possesses non-linearities to the extent indicated. However,- 
the overall results compare favorably with the theoretical cal- 
culations, indicating that these data are representative. 

Figs. II-9 and II-10 represent the variation of elevator 
angle with normal acceleration and lift coefficient, respectively, 
for maneuvering flight. Both plots are provided-since there was a 
variation of weight for the various center of /gravity configurations 
and the lift coefficient can no longer be expressed as the normal 
acceleration multiplied by a constant over the entire center of 
gravity range. The curves are linear since it was not feasible 


4 


to obtain a high enough normsl acceleration to get noticeable 
non-linear elevator action. 

Figs. II-11 and II-l2 indicate the variation of stick force 
with normal acceleration in maneuvering flight. A small amount of 
curvature at the higher accelerations and more rearward centers of 
gravity indicates the normal trend. 

The stick fixed neutral points for both clean and landing 
configurations are indicated on Fig. II-13. The neutral points 
are inverient with lift coefficient since the elevator angle versus 
lift coefficient curves are linear. 

Figs. {I-14 and II-15 show the location of the stick free 
neutral points. More stability is indicated as lift coefficient 
increases in the power off condition while the reverse is true 
for power on flight. 

Figs. II-16 end I1L-17 indicate the stick fixed and stick free 
maneuvering points. The trends appear normal. Both the stick free 
neutral point and the stick free maneuver point are located behind 
their stick fixed counterparts due to the statically unbalanced 
elevator installed on this aircraft. 

The airplane lift coefficient versus angle of attack is plotted 
on Fig. II-18 for one center of gravity location. The variation of 
lift curve slope with center of gravity position is shown on Fig. II-17. 


Since the variation should normally be linear, the points were faired 


in this manner. The non-linear location of the points is believed 
due to calibration difficulties and the minis, large effect of 
Scattered points on the determination of the lift curve slope. 

The general trend, however, appears proper. 


C and Cn were calculated using flight test data in 
ox 


mde ’ "Ade 
equations developed from theory. The evaluation of these derivatives 
was done as follows: 

The elevator angle is related to the elevator angle at zero 
lift, the stick fixed .stability margin, Cn 5 and the damping in 
pitch in accelerated flight as indicated below. This relationship 
is set forth in Ref. 1. The stability mergin for Cz Vv" = constant, 
was assumed to be approximately equal to the stability margin 


for V = constant. 


Cme (vsecenst. ) Come 


d= de ~ ww (x oo) 462 Cm de i (w-\ ) 


: SF ems ; VeCeuit, Come 


Gu Se. ~ a! Xe NoJn t+ 63 “ade a 


<S = a [ (x, am) eS eh Oe 


For clean condition, power on; 


d§ 
N = 37% meacce =" = 2.25 
O dv\ 
(xo6 No)g, ve ie = -.046 Weve, = 2682 Ibs. 
n=1.3 C. = ni = .347n 
iF —ea 
q 
q = Oe O) C., = -~.0226 
3 
-2.25 = -. 547 |(-.086 + 50.25 C,, | 
-.0226 de 
C = ~,1466 + .046 = -.002 / degree or -.1146/radian 
de 50.25 
C =, sae d€ = .52 from theory 
Max MWg dq da 


Therefore, for clean condition, power on; 


Mee = -,1146 (.52) = -.0595 
C = dGm dC. = A(X - No) 


m 
es dC, dx 
For power on, clean condition, center of gravity location = 32.4%; 


C.. = 957.5 (.106) 00) ea 


The aerodynamic parameters obtained from steady state flight 


testing for the configurations and power conditions investigated are 


listed in Table Il-l. Where parameters vary over a range of lift 


coefficients or normel accelerations, the value of that variable used 


in 


the calculation is indicated. 
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Table I1-1 


| 


Clean Condition Lancing Condition 


Parameter Power Off 
Te [we [ae as 
 — 


he 
bea A es 
ose [ae 


Average values of C; were taken at a center of gravity 


Oo. 

e 

fh 
fp 
Co 
e 

ifs 
~] 
hs 


position at 26 percent of the mean aerodynamic chord. 


Cr(landing) = °98 


C and CO, calculations correspond to a center 


Mde ? “Ody 
of gravity position = 32.4 percent of the mean aerodynamic 


chord é 





INSTRUMENTATION 


Power Supply: 


Storege batteries, connected to furnish 24 volts, provided 
the power supply. The autosyn instruments were excited by 40 volts, 
alternating current, which was obtained through the use of a 400 
cycle, 115 volt, inverter followed by a high frequency variac. 
otick Force Measurement: 

Four Baldwin SR-4, type A-7, strain gages were installed on 
a wheel built for stick force measurement and were connected to form 
a bridge circuit as indicated in Fig. II-l. The voltage to the strain 
gages was mainteined at 15 volts throughout the tests. The bridge 
balance provided for the centering of the microammeter for zero 
stick force. The sensitivity was adjusted to and meintained at 
20 lbs. per 100 microamperes. The calibration of the installed 
system was very nearly linear. 

Angle. of Attack Measurement: 

The angle of attack indicator was installed on a boom mounted 
on the left wing tip and extended four feet ahead of the leading 
edge of the wing. The vane was connected to the Pioneer AY-101D 
autosyn transmitter by a 12 to 1 gear ratio. A small plate was 


attached to the shaft of the vane within the head of boon. 
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Damping was provided by the oe of the plate through the oil, 
with which the head was filled. A Pioneer AY-5 autosyn repeater 

was mounted in the cockpit to give angle of attack indications. A 
relatively high excitation voltage, 40 volts, vas used on both 

the angle of attack and elevator angle systems. This voltege setting 
appeared to reduce the repeater lag and needle oscillations almost 
entirely. 

The angle of attack calibration was linear with the exception 
of the correction for position error. The position error was deter- 
mined by measurement of the actual angle of attack in level flight 
with a propeller protrector. 


Elevator Anzle Measurement: 





A 17 to 1 ratio of elevator movement to autosyn repeater 
movement was obtained by the use of a horn mounted on the elevator 
spar center flange and connected to the autosyn trensmitter by 
waxed nylon line. The line was wrapped around a half inch pulley 
installed on the autosyn transmitter shaft and was secured to the 
trailing edge of the vertical fin by means of a light wire spring. 
Several turns of the chord were required around the pulley to pre- 
vent slippage. A Pioneer AY-5 autosyn repeater: gave elevator engle 
readings re cockpit. 

The elevator position system calibration was linear. The cal- 


ibration changed slightly over the period during which the flight 
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tests were made but remained constant during any one flight. This 
was determined by calibration before and after flights. Calibrations 
made after each flight were used to reduce the data obtained. 
Acceleration Measurement: 

A mechanical accelerometer was built and used to obtain maneu- 
vering flight data. The accelerometer consisted of a weighted metal 
tube suspended on a spring and mounted inside a glass tube. The 
position of the upper edge of the metal tube in relation to the cal- 
ibration mounted on the glass tube provided for e direct reading of 
acceleration. Reasonably accurete readings to .O1 g could be made. 
The accelerometer was suspended from the upper cockpit structure 
to facilitate reading by the pilot. 

General: 

A sensitive airspeed indicator was used. Other instruments used 

were of normal conitiguration. In general, the instrumentetion was 


relatively simple in nature and trouble free. 





CONCLUSIONS AND RECOMMENDATIONS 

Steady stete flight testing is the accepted means of deter- 
mining the airplane stability parameters in all cases where suf- 
ficient flight time to obtain the required data is available. 
Steady state testing methods are obviously not epplicable to missiles 
or extreemly high speed aircraft which possess only limited endurence. 

Steady state flight testing requires a fairly high quality of 
pilot technicue and does require several more hours of flight time 
than comparable dynamic methods but more information may be obtained 
using the steady state methods. 

The instrumentation required is relatively inexpensive and 
trouble free and the data reduction required is straight forward 
and relatively error free providing good data were obtained. 

It is recommended that: 

1. Careful and frequent calibrations be made of the instrument— 
ation. 

ee The angle of attack measuring instruments be calibrated 
more carefully. 

5. Maneuvering flights be conducted in the same configurations 
and power conditions using several different airspeeds to get constant 
acceleration curves from which, perhaps, a better determination of 


the damping derivatives may be made. 


220. 





1) 


2) 


3) 


4) 


5) 


6) 
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APPENDIX A 


The following is a tabulatiam of the results from 
Princeton Reports No. 231 and 232. Report No. 232 consists 
of the determination of longitudinal stability parameters, 
for a standard Ryan Navion, using theoretical calculations 
and steady state flight test: techniques. Report No. 23l 
consists of determining as many as possible of these same 
parametes for the same airplane using dynamic flight test- 


ing techniques. 


Clean - Power On 








2sge 


Clean - Power Off 








Theoretical Steady State 
038 





048 
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Exeminstion of the tables above shows the following: 

de Vols of Cy. leteriined by the ditferent methods 
were all within 12%. 
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